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Abstract 

Background: The results presented herein show that the cyclic aminal (2S,7/?,1 15,16/?)-!, 8,1 0,1 7-tetraazapentacyclo 
[8.8.1. l.^'^^0.^'^0"'^^]icosane (6), derived from c/5-(rne5o)-l, 2-diaminocyclohexane and formaldehyde, is a suitable 
substrate for the preparation of a series d\ as-meso Mannich bases such as 8a-l by reaction with p-substituted 
phenols 7a-l in basic media. These compounds are valuable synthetic products and may find application in 
asymmetric catalysis. 

Results: The products were characterized principally by NMR and IR spectroscopy. Both the benzylic and aminalic 
protons of the perhydrobenzimidazolidine moiety were diastereotopic due to the presence of stereogenic nitrogen 
centers. The occurrence of intramolecular hydrogen bonding interactions was confirmed by the broad OH 
stretching vibration band in the IR spectra. Vibrational spectra were calculated using B3LYP at 6-31G(d,p) level, and 
the calculated frequencies for the vOH vibrations were compared to those of the experimental spectra. Hydrogen 
bonding interactions in the solid state were observed through the X-ray crystallography of 8j. Additionally, Mulliken 
charges and Fukui indices for 6 were calculated as theoretical descriptors of electrophilicity. 

Conclusion: A new series of meso Mannich bases called 4,4'-disubstituted-2,2'-{[(3a/?,7a5)-2,3,3a,4,5,6,7,7a-octahydro- 
l/-/-l,3-benzimidazole-l,3-diyl]5/5(methylene)} diphenols (8a-l) which are derived from c/s-(/T?eso)-l,2- 
diaminocyclohexane, were obtained from cyclic aminal 6. These results confirmed the behavior of 6 as an 
electrophilic preformed reagent in Mannich reactions in basic media. 



Mannich bases are an interesting family of compounds 
in organic chemistry, and these compounds have been 
widely used in diverse chemistry fields due to their bio- 
logical and pharmacological activities [1-4]. Moreover, 
the Mannich bases have been used as molecular models 
for studies of intramolecular proton transference pro- 
cesses [5,6] due to their interesting thermodynamic sta- 
bility. Our interest in Mannich bases is focused on their 
application as model systems for studying inter and 
intramolecular hydrogen bond interactions between the 
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phenolic OH atoms and the amine N atoms in phenolic 
derivatives [7-9]. Mannich bases can be obtained by 
multi-component Mannich condensation reactions be- 
tween an amine, formaldehyde and active hydrogen com- 
pounds in acidic media in low to moderate yields [10]. 
The main subject of research is the reactivity of cyclic 
aminals toward nucleophiles and electrophiles. Our re- 
sults using phenols as nucleophiles have led to the syn- 
thesis of <i/-Mannich bases, demonstrating that cyclic 
aminals behave as preformed electrophilic reagents. 

One example of the application of cyclic aminals as 
Mannich base precursors is the chemical reactivity of 
l,3,6,8-tetraazatricyclo[4.4.1.1^'^]dodecane (TATD, 1), 
which by reaction with /^-substituted phenols in basic 
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media, leads to the synthesis of 2,2'-(imidazolidine-l,3- 
diyl^/5(methylene))Z?/5(4-substitutedphenols) (2) (Figure 1), 
an interesting family of <i/-Mannich bases that show a sta- 
bility due to the presence of two OH — N intramolecular 
hydrogen bonds [11-15]. 

We believe that the electrophilic behavior of cyclic 
aminals is determined by their structural features, espe- 
cially the presence of 1,1- and 1,2-diamine functional- 
ities. The interactions of the nonbonding electron pairs 
of nitrogen atoms and the presence or absence of 
stereoelectronic effects play an important role in the 
relative stability and chemical reactivity of this type of 
cyclic aminal [16]. Our hypothesis was supported by ex- 
periments using a cyclic aminal 6//,13//-5:12,7:14- 
dimethanedibenzo[<i,/][l,3,6,8]tetraazecine DMDBTA (3) 
(Figure 1), a cyclic aminal analog similar to TATD 1. All 
the efforts to synthesize type (2) (i/-Mannich bases were 
unsuccessful, and A^-substituted benzimidazoles were 
obtained using electron-rich phenols [17], due to spon- 
taneous reaction under air oxidative conditions and 
thermodynamically driving by aromatisation. To obtain 
cyclic aminals with molecular structures that do not 
involve electron delocalization of the nonbonding 
pairs, we employed aliphatic 1,2-diamines such as 1,2- 
diaminocyclohexane (4). 

1,2-Diaminocyclohexane 4 is an organic compound 
with a 1,2-disubstituted cyclohexane type structure and 
two primary amino groups attached to two stereogenic 
centers (Figure 1). For this compound exists the (i?, i?)-. 



(5, 5)-, and (5, R) stereoisomers. Both [R, R)- and {S, S)- 
4 have trans isomerism while {S, 7?) -4 has cis isomerism. 
TranS'{R, R)- and tmnS'{S, 5') -4, which presents C2 sym- 
metry, have been widely used in asymmetric synthesis be- 
cause their two primary amino groups possess non- 
bonding orbitals allowing their use as a ligand for transi- 
tion metals [18-20]. Although c/5-l,2-diaminocyclohexane 
stereoisomer with average symmetry is less stable than 
trans stereoisomers, cis stereoisomer has also been studied 
for the preparation of metal complexes that can be 
employed in a variety of applications, including the synthe- 
sis and pharmacological activity of inorganic complexes of 
platinum (II), cobalt (II), nickel (II) and copper (II) [21-25]. 
Both trans and cis isomers have been used to obtain 
cyclic aminals (2i?,7i?,115',165')-l,8,10,17-tetrazapentacyclo 
[8.8.1.1^'^lO^'lO^^'^^]icosane (5) and (25,7i?,l 15,167?)- 
I,8,10,17-tetrazapentacyclo[8.8.1.1^'^l0^'^.0^^'^^]icosane (6) 
(Figure 1), respectively [26,27]. 

Moreover, X-ray analysis suggested that compound 6 
could be a reactive precursor, considering the presence 
of strained cyclohexane rings; the geometry of which is 
nearly planar and presented internal bond angles be- 
tween 113.9(7)° and 124.6(8)° [27]. The bond angles 
confirmed that the aminal groups displayed a distor- 
ted tetrahedral geometry of 119.9(9)° to 120.4(7)° due 
to the cis configuration in the diamine moiety [27]. To 
obtain new Mannich bases involving fused rings in cen- 
tral chiral-based structures and to understand the 
stereoelectronic effect of nonbonding pairs in cyclic 
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(3 a/?, 7a6) 



Scheme 1 Reaction between cyclic aminal 6 and p-substituted phenols 7a-l. 



aminals, we studied Mannich type reactions with cyclic 
aminals derived from chiral diamines. We opened the 
study with new cyclic aminal 6 and various nucleophiles, 
beginning with the reaction between 6 and /^-substituted 
phenols 7a-l to afford 4,4'-disubstituted-2,2'-{[(3a7?,7a5')- 
2,33a,4,5,6,7,7a-octahydro-l//-l,3-benzimidazole-l,3-diyl] 
(methylene) }di phenols (8a-l), a new family of Mannich 
bases (Scheme 1). In this article, we discuss the synthetic 
methodology and characterization of these compounds 
using FT-IR and NMR analysis, as well as X-ray 
diffraction. 

Results and discussion 

Cyclic aminal 6 was prepared in high yield (90%) by the 
condensation of c/5-(me5o)-l,2-diaminocyclohexane with 
paraformaldehyde in A/,A^-DMF, according to the previ- 
ously reported procedure [27]. 



The overall procedure for the synthesis of Mannich 
bases (8a-l) is depicted in Scheme 1. The isolated 
products were characterized by FT-IR and uni- and 
bi-dimensional NMR experiments. All of the com- 
pounds were identified as 4,4'-disubstituted-2,2'-{[(3a 
i?,7a5')-2,3,3a,4,5,6,7,7a-octahydro-l//-l,3-benzimidazole- 
l,3-diyl]Z?/5(methylene)}diphenols (8a-l). Reactions be- 
tween 6 and /^-substituted phenols 7a-l were carried out 
at 40°C in 1,4-dioxane: water at a volumetric ratio of 3:2 
Table 1. Apparently, water is necessary for such reac- 
tions because attempts to obtain compounds 8a-l under 
aprotic conditions were unsuccessful. The reactions 
showed or^/zo-regioselective aminomethylation of the 
aromatic ring of the phenols. The formation of com- 
pounds 8a-l can be easily explained by analogy with the 
mechanism proposed for the reaction of cyclic aminal 1 
with phenols [11,12]. 



Table 1 Substrate scope of Mannich bases synthesis 


Entry 


Compound 


R 


Product 


m.p. rc) 


c = 0.6, CH2CI2 


Yield 

(%) 


1 


7a 


F 


8a 


168-169 


+5.2 


20 


2 


7b 


CI 


8b 


189-190 


+5.7 


34 


3 


7c 


Br 


8c 


183-184 


+6.0 


41 


4 


7d 


1 


8d 


175-177 


+7.1 


20 


5 


7e 


COOMe 


8e 


128-130 


+6.3 


17 


6 


7f 


COOEt 


8f 


151-153 


+6.8 


19 


7 


7g 


COOPr 


8g 


118-119 


+5.5 


18 


8 


7h 


COOBu 


8 h 


127-129 


+4.9 


19 


9 


7i 


H 


8i 


146-148 


+6.8 


20 


10 


7j 


Me 


8j 


162-163 


+7.2 


46 


11 


7k 


t-Bu 


8k 


141-143 


+6.3 


49 


12 


7 1 


OMe 


8 1 


132-134 


+5.9 


45 



Table 1 shows melting points and yield for each new compound, Indicating the p-substltuent In aromatic rings In both phenols and compounds 8a-l. 
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Table 2 Assignment of vibrational modes of compounds 
8a-l 



Product 


1 


2 


3 


4 


5 


6 


7 


8 


9 


8a 


3050 


2848 


1630 


1448 


1387 


1194 


1289 


1063 


772 








1495 






1124 






737 


8b 


3053 


2922 


1605 


1444 


1385 


1170 


1272 


1069 


764 






2850 


1480 






1069 






680 


8c 


3054 


2933 


1636 


1444 


1384 


1169 


1283 


1071 


761 






2849 


1476 






1112 






673 


8d 


3070 


2931 


1603 


1440 


1367 


1179 


1262 


1039 


764 






2854 


1476 






1129 








8e 


3042 


2928 


1609 


1449 


1384 


1190 


1293 


1097 


791 






2854 


1497 






1110 






771 


8f 


3040 


2980 


1612 


1452 


1384 


1178 


1285 


1098 


840 






2931 


1495 






1124 




1058 


770 






2857 
















8g 


3049 


2932 


1613 


1448 


1384 


1178 


1270 


1037 


840 






2875 


1497 






1127 






771 


8h 


3056 


2961 


1613 


1449 


1383 


1177 


1258 


1059 


874 






2931 


1497 






1127 






770 






2858 
















8i 


3037 


2946 


1618 


1469 


1393 


1096 


1243 


1070 


742 






2913 


1486 


















2874 
















8j 


3060 


2962 


1613 


1449 


1394 


1117 


1259 


1067 


817 






2934 














773 






2862 
















8 k 


3060 


2962 


1613 


1449 


1394 


1122 


1252 


1068 


857 






2934 


1502 












824 






2862 
















81 


3051 


2962 


1617 


1465 


1384 


1068 


1289 


1039 


820 






2923 


1497 












775 



2850 

Vibrational modes: 1) Stretcliing frequency of 0-H bonds, 2) Stretcliing 
frequency of the Cspj-H bonds, 3) symmetric and asymmetric stretching 
frequency of the C-C bond, 4) Flexion frequency of the C-H bond in aromatic 
rings, 5) out of plane flexion frequency of methylene groups, 6) Stretching 
frequency of the C-N bonds, 7) Stretching frequency of the C-0 bonds, 8) in 
the plane deformation of the C-H bonds in aromatic rings, 9) out of plane 
deformation of the C-H bonds in aromatic rings. 

Table 2 shows the measured vibrational modes of compounds 8a-l, obtained 
using FT-IR spectroscopy. 



The experimental FT-IR spectra of the Mannich bases 
(8a-l) (Table 2) showed a broad absorption band be- 
tween 3300-2350 cm'^, which was assigned to the O-H 
stretching vibration of the phenolic moiety and is a re- 
sult of OH»»»N hydrogen bonding interactions, 
suggesting that the proton remains covalently bonded to 
the hydroxyl group and that proton transfer to the 



amino group did not occur. To understand the effect of 
hydrogen bonding interactions on the molecular struc- 
ture of these compounds, we performed theoretical 
calculations. Thus, geometry optimizations and vibra- 
tional frequencies of the products were performed in 
Gaussian 1998 using DFT B3LYP methods at the 6-31G 
(d,p) level [28]. 

The computational calculations showed that the calcu- 
lated frequencies of the vOH vibrations of compounds 
8a-l (3335 and 3345 cm'^) were higher than that of the 
experimental spectra, where these vibrations appeared as 
very broad and weak absorptions. As described by sev- 
eral authors who studied similar compounds [29,30], 
these differences can be attributed to the strong anhar- 
monicity of this type of vibration, which was not in- 
cluded in the calculation process. The calculated 
frequencies of the aromatic and fused rings of the 
perhydrobenzimidazolidine moiety were located in the 
expected ranges. For the calculated C-O stretching fre- 
quencies of the phenol precursors (7a-l) we noted that 
the calculated values are systematically lower than the 
experimental results of respective product (8a-l), 
suggesting that the C-O bond length was shortened due 
to intramolecular hydrogen bonding (Table 2). 

However, the use of this band to understand the ef- 
fects of hydrogen bonding in the structures of 8a-l is 
limited due to its low intensity and the presence of aro- 
matic ring deformation vibrations in this region, which 
prevented assignment. The ^^C NMR spectra of all of 
the synthesized compounds 8a-l (Table 3) showed two 
signals between 21.0 and 25.0 ppm, which were assigned 
to the methylene carbon atoms of the cyclohexane ring. 
The signal at 61.0 ppm was assigned to the methine 
chiral carbon atoms. Using HMQC and HMBC 
bidimensional experiments, the signal at 73.5 ppm was 
assigned to the aminalic carbon atom (N-CH2-N). 
Moreover, the benzylic carbon atoms showed a signal at 
55.0 ppm. The carbon atoms of the aromatic rings 
appeared as six signals between 115 and 158 ppm. The 
NMR spectra of compounds 8a-l (Table 4) showed 
that the hydrogen atoms in the ArCH2 group were 
diastereotopic, presenting two doublets around 3.64 and 
4.04 ppm and a geminal coupling ^/h,h constant of 
14.0 Hz. The ^H NMR signals above 6.0 ppm allowed us 
to determine the substitution pattern of the aromatic rings 
and confirmed the or^/zo-regioselective aminomethylation 
of the Mannich bases. 

In the ^H NMR spectra of the products obtained from 
/7-substituted phenols, signals as singlets and doublets 
with meta coupling (around 2.0 Hz) in an ABX system 
were observed and were assigned to hydrogen atoms in 
the ortho position with respect to the methylene group 
and the meta position with respect to the hydroxyl 
group. In addition, signals as doublets and doublets of 
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Table 3 Assignment of the ^^C NMR spectra of the compounds 8a-l 

Product R C1,C1' C2, C2' C3, C3' C4, C4' C5, C5' C6, C6' C2 ArCH2N C3a, C7a C4, C5 C6, C7 

8a F 153.4d 122.0d 114.7d 156.0d 115.4d 117.0d 73.4 55.0 61.1 21.5 

24.7 

8b CI 156.2 122.5 128.0 123.9 129.0 117.6 73.4 55.0 61.1 21.5 

24.7 

8c Br 156.9 123.2 131.0 111.2 132.1 118.3 73.6 55.0 61.2 21.6 

24.8 

8f (C = 0)OEt(14.5, 60.8, 166.5) 162.1 120.9 130.3 121.8 131.4 116.3 73.7 55.4 61.2 21.6 

24.9 

8g (C = O)OPr(10.7, 22.3, 66.4, 166.5) 162.0 121.8 130.5 121.8 131.5 116.5 73.4 56.3 61.2 21.6 

24.9 

8h (C = 0)OBu (13.9, 19.4, 31.0, 64.6, 166.6) 162.2 121.0 130.2 121.8 131.4 116.3 73.7 55.5 61.2 21.7 

24.9 

8i H 157.6 121.3 128.2 119.3 129.1 116.1 73.4 55.4 61.0 21.6 

24.6 

8j Me (20,4) 155.2 121.0 128.8 128.4 129.5 115.9 73.4 55.3 61.0 20.4 

21.7 

8k r-Bu (31.6, 33.9) 155.2 120.4 125.0 142.0 125.8 115.5 73.5 55.9 61.0 21.7 

24.6 

8 1 OMe(55.7) 152.6 121.9 114.1 151.3 114.1 116.6 73.4 55.4 61.1 21.6 

24.6 

Table 3 represents all the measured signals for carbon atoms in compounds 8a-l in the ^^C NMR spectra and their assignation in the molecular structure. 



doublets with typical ortho and meta coupling constants 
(8.4 Hz and 2.4 Hz, respectively), were also detected. 
The ^H NMR spectrum of compound (8i) showed an 
ABCD coupling system with a triplet of doublets around 
6.77 ppm with a meta coupling constant of 1.1 Hz 
and an ortho coupling constant of ^J=7A Hz with the 
signal at 6.96 ppm, which appeared as a doublet and was 
assigned to the R = H atoms and the hydrogen atom in 
the ortho position with respect to the methylene group 
attached to the aromatic ring. However, the signal at 
6.82 ppm appeared as a doublet of doublets with a meta 
coupling constant 1.0 Hz and an ortho coupling 
constant of ^/=8.1 Hz with the signal at 7.17 ppm, 
which appeared as a multiplet and was assigned to the 
hydrogen in the ortho position and the hydrogen atoms 
in the meta position with respect to the hydroxyl group, 
respectively. The hydrogen atoms of the hydroxyl groups 
were shifted to a low field (above 10.6 ppm), confirming 
the existence of intramolecular hydrogen bonding 
interactions. 

The cyclohexane ring can be identified in the ^H NMR 
spectra as four multiplet signals between 1.39 and 
3.11 ppm. These hydrogen atoms are diastereotopic due 
to the presence of chiral carbon atoms and stereogenic 
nitrogen centers. For the signal at 3.11 ppm, which 



presented a vicinal ^H/^H coupling constant of 4.0 Hz, 
we calculated the torsional angles between the methine 
hydrogens and methylene hydrogens using MestReJ soft- 
ware, which employs the modified Karpluss relation and 
the dependence of the coupling constant on the torsion 
angle [31]. The averages over all of the structures (8a-l) 
were 120° {a-eq,^-eq) and 52° (a-eqA-ax), respectively. 
The signals that appeared as doublets at 3.39 and 
3.85 ppm with a coupling constant of 6.5 Hz were 
assigned as the aminalic hydrogen atoms. This experi- 
mental evidence is in good agreement with the proposed 
molecular structures of compounds 8a-l, which belong 
to the Cj symmetric chiral point group and presents the 
lowest degree of symmetry. Because the aminalic pro- 
tons have a distinct chemical environment due to their 
spatial orientation {axial and equatorial dispositions in 
the imidazolidine ring, respectively), the deprotection 
of the equatorial proton, which was shifted to higher 
frequencies is evidenced in the doublet signals sepa- 
rated by 0.42 ppm. These results can be explained 
considering a hyperconjugation effect, which can be at- 
tributed to the interaction between nitrogen lone pairs 
and antibonding orbital a*c,Hax (^n ^ or*c,Hax)> the lat- 
ter of which was synperiplanar to the nitrogen lone 
pairs (Figure 2) [32]. A consequence of this effect is the 



Table 4 Assignment of the NMR spectra of compounds 8a-l 



Product 


R 


Ar-OH 


H-5. 


H-3, 


H-6, 


H-2, 


ArCHaN 


H-3a, 


H-4, H-5 








H-5' 


H-3' 


H-6' 


H-2' 




H7a 


H-6, H-7 


8a 


F 


10.34, bs 


6.87, tdj = 8.0 Hz, 
J = 8.2 Hz, J = 3.1 Hz 


6.70, dd, J = 8.0 Hz, 
J = 2.8 Hz 


6.76, dd, J =8.0 Hz, 
J = 4.8 Hz 


3.39,d, 3.84, d, 
J = 6.4 Hz 


3.63, d, 4.03, d, 
J = 14.0 Hz 


3.11, t, J = 4.0 Hz 


1.30-1.80, m 


8b 


CI 


10.63, bs 


7.15, dd, J = 8.6 Hz, 
J = 2.6 Hz 


6.97, d, J = 2.5 Hz 


6.78, d J = 8.6 Hz 


3.39, d, 3.85, d 
J = 6.6 Hz 


3.64, d, 4.04, d 
J=14.0 Hz 


3.11, U = 4.1 Hz 


1.30-1.80, m 


8c 


Br 


10.55, bs 


7.26, dd, J = 8.6 Hz, 
J = 2.4 Hz 


7.09, d, J = 2.4 Hz 


6.72, d, J = 8.6 Hz 


3.36, d, 3.84, 
dJ = 6.6 Hz 


3.62, d, 4.02, d, 
J=13.9 Hz 


3.09, U = 4.0 Hz 


1.30-1.80, m 


8d 


1 




7.45, d, J = 8.8 Hz 


7.27, s 


6.62, d J = 8.5 Hz 


3.62, d, 3.85, 
d, J=8.0 Hz 


3.62, d, 4.01, d, 
J=13.9 Hz 


3.11, t, J = 4.0 Hz 


1.30-1.80, m 


8e 


(C = 0)OMe (3.87, s) 


10.79, bs 


7.96, dd, J = 8.4 Hz, 
J = 2.1 Hz 


7.74, d, J = 2.1 Hz 


6.87, d, J =8.8 Hz 


3.42, d, 3.85, d, 
J = 8.0 Hz 


3.67, d, 4.06, d, 
J= 14.0 Hz 


3.11, U = 4.0 Hz 


1.30-1.80, m 


8f 


(C = 0)OEt(l,35, t; 
4,31, (?) 




7.88, dd, J = 8.5 Hz, 
J = 2.1 Hz 


7.70, d, J = 2.0 Hz 


6.83, d, J = 8.5 Hz 


3.37, d, 3.86, d, 
J = 6.6 Hz 


3.72, d, 4.09, d, 
J=13.9 Hz 


3.11, U = 4.0 Hz 


1.30-1.80, m 


8g 


(C = 0)OPr (1.01, t; 1.75, 
m; 4.22, t) 




7.89, dd, J = 8.5 Hz 
J = 2.1 Hz 


7.71, d,J= 1.9 Hz 


6.86, d, J = 8.5 Hz 


3.44, d, 3.91, d, 
J = 6.2 Hz 


3.75, d, 4.10, d, 
J=13.8 Hz 


3.15, U = 4.0 Hz 


1.30-1.80, m 


8h 


(C = 0)OBu (0.96, m; 1 .44, 
m; 1.71, c?n; 4.26, t) 




7.88, dd, J = 8.5 Hz, 
J = 2.1 Hz 


7.69, d, J = 2.1 Hz 


6.83, d, J = 8.5 Hz 


3.36, d, 3.85, d, 
J = 6.6 Hz 


3.72, d, 4.09, d, 
J=13.9 Hz 


3.10, U = 4.0 Hz 


1.30-1.80, m 


8i 


H (6.77, td) 


10.60, bs 


7.17, dd, J = 8.0 Hz 
J=1.2 Hz 


6.96, d, J = 7.2 Hz 


6.82, dd J = 8.] Hz, 
J=1.0 Hz 


3.42, d 3.84, d, 
J = 6.6 Hz 


3.67, d, 4,06, d, 
J=13.8 Hz 


3.11, U = 4.0 Hz 


1.30-1.80, m 


8j 


Me (2.24, s) 


10.62, bs 


6.99, d, J = 8.2 Hz 


6.79, s 


6.74, d, J = 8.2 Hz 


3.44, d 3.83, d, 
J = 6.5 Hz 


3.64, d, 4.04, d, 
J=13.7 Hz 


3.12, U = 4.1 Hz 


1.30-1.80, m 


8k 


t-Bu (1.27, s) 


10.62, bs 


7.19, dd, J = 8.5 Hz, 
J = 2.4 Hz 


6.96, d, J = 2.4 Hz 


6.75, d, J = 8.5 Hz 


3.47, d 3.86, d, 
J = 6.6 Hz 


3.67, d 4.07, d, 
J=13.8 Hz 


3,11, U = 4.3 Hz 


1.30-1.80, m 


8 1 


OMe (3.71,5) 


10.15, bs 


6.73, d, J =8.8 Hz 


6.53, d, J = 2.0 Hz 


6.75, d, J = 8.8 Hz 


3.42, d 3.83, d, 
J = 6.5 Hz 


3.62, d 4.02, d, 
J=13.7 Hz 


3,11, t, J = 4.1 Hz 


1.30-1.80, m 



Table 4 shows all the measured signals for hydrogen atoms in compounds 8a-l in the NMR spectra and their assignation in the molecular structure. 
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Figure 2 Hyperconjugation in compounds 8a-l. 



elongation of the C-H^x bond with respect to the C-Hgq 
bond, which was equal to 0.02 A, as observed in the op- 
timized molecular structure. 

To understand the incidence of cis isomerism in the 
molecular structure of compounds 8a-l, efforts were 
made to obtain monocrystals suitable for X-ray diffrac- 
tion analysis. A monocrystal of compound 8j was 
obtained via recrystallization from a mixture of chloro- 
form and methanol. Compound 8j exists mainly with the 
OH groups engaged in an intramolecular hydrogen bond 
with the N atoms of imidazolidine ring. The molecular 
structure of compound 8j (Figure 3) is stabilized by two 
O — H ♦ • ♦ N intramolecular hydrogen bonds. 

The imidazolidine ring adopts an envelope conform- 
ation, and the fused six-membered ring adopts a chair 



conformation. The dihedral angle between the mean 
planes of these rings, defined by C9-N1-C2 and C5-C4 
-C8, is 47.84(12)°. The substituents on the N atoms of 
the five-membered ring are arranged syn with respect to 
the central ring. The phenyl rings are oriented at angles 
of 82.15 (14)° (C11-C16) and 83.97 (16)° (C20-C25) with 
respect to the mean plane of the heterocyclic ring, de- 
fined by Nl — C2 — C9. The two phenyl rings form a di- 
hedral angle of 41.25 (9)°. 

To understand the relationship between the molecular 
structure and observed reactivity of 6, we used two ap- 
proaches, including: (a) the correlation between the elec- 
trophilicity of cyclic aminal 6 with the Fukui function of 
the methylene bridges and (b) the HOMO-LUMO gap, 
which was calculated as the difference between the 
HOMO of the nucleophile (we used phenol 7i, which 
possessed a calculated HOMO energy of -0.34552 
Hartree) and the LUMO of cyclic aminal 6 (Figure 4). In 
the first approach, the DFT B3LYP method at the 6-31G 
(d,p) level allowed us to obtain the MuUiken charges of 
the methylene bridges on the cyclic aminal. Because the 
differences between values were small, the electronic 
density and polarizability of the C-N bonds of the aminal 
moiety were similar in all of the methylene bridges for 
cyclic aminal 6 in the gas phase. However, Mulliken 
charges are not a good theoretical descriptor of electro- 
philicity. Thus, we used condensed Fukui functions, 
which are better theoretical descriptors. We applied the 
methodology proposed by Yang and Mortimer [33], 
which is based on a Mulliken population analysis and 
the following finite difference approximation: 




Figure 3 Molecular structure of 8j (ellipsoids are drawn with 
50% probability). 

V J 



f, = q{N)-q{N-l) (1) 

For a system of N electrons, independent calculations 
were made for the corresponding N and (N-1) systems 
with the same molecular geometry. According to this ap- 
proach (Table 5), marked differences were observed in 
the electrophilicity of methylene bridges in aminal 6. 

The condensed Fukui function for 6 suggests that the 
carbon atoms labeled as C19 and C20 are the most re- 
active sites for the nucleophilic attack of ^^-substituted 
phenol 7a-l (Figure 5). The calculated HOMO-LUMO 
gap between 6 and phenol 7i was 218.2 kCal/mol, which 
is consistent with the calculated Fukui indices, corrobor- 
ating the electrophilic character of aminal 6. Further- 
more, both the HOMO and LUMO in cyclic aminal 6 
was influenced by aminal cis isomerism, such that the 
calculated HOMO representation for aminal 6 is indica- 
tive of a a type interaction between the nonbonding mo- 
lecular orbitals of the nitrogen atoms, which is favored 
by the eclipsed conformation as a result of cis isomerism 
(Figure 4). 
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Finally, we propose that the reaction between 6 and p- 
substituted phenols 7a-l is mediated by the hydrogen 
bond between any of the four nitrogen atoms in the cyc- 
lic aminal and the hydroxyl group of one molecule of 
phenol, in accordance with the mechanism for the reac- 
tion of cyclic aminal 1 previously reported in the litera- 
ture [11]. 

Conclusions 

In summary, we synthesized a series of new meso 
Mannich bases called 4,4'-disubstituted-2,2'-{[(3aR,7a5')- 
2,3,3a,4,5,6,7,7a-octahydro-l//-l,3-benzimidazole-l,3-diyl] 
(methylene)} diphenols (8a-l) by reacting preformed 
Mannich reagent (6) with substituted phenols 7a-L The 
presence of hydrogen bonding interactions in the molecu- 
lar structure was demonstrated using X-ray diffraction, 
theoretical calculations and experimental spectroscopy. 
We demonstrated the synthetic potential of cyclic aminal 
6 as a Mannich base precursor. 

Experimental 

General and instrumentation 

Melting points were determined with an Electrothermal 
apparatus and are uncorrected. Diastereomerically 
pure c/5-(me5o)-l,2-diaminocyclohexane was purchased 
from Aldrich. (25,7i?,115,16i?)-l,8,10,17-tetraazapenta- 
cyclo[8.8.1.1.^'^^ O.^'^^^'^^]icosane (6) was prepared 
according to the procedure described in the literature 

Table 5 Mulliken charges and Fukui function for 6 as 
electrophilicity theoretical descriptors 



Mulliken charges Fukui function 



C9 


0.447 


0.019 


CI 8 


0.447 


0.019 


CI 9 


0.467 


0.030 


C20 


0.356 


0.027 



Table 5 shows the results for computational calculations: Mulliken charges and 
Fukui function in each carbon atom of the cyclic aminal 6. 



[27]. j^-Substituted phenols (7a-l) were purchased from 
Merck and were used without further purification. 

General procedure for the synthesis of compounds 8a-l 

To a stirred solution of (25,7i?,ll.S,16i?)-l,8,10,17- 
tetraazapentacyclo[8.8.1.1.^'^^0.^'^0^^'^^] icosane (6) (276 mg, 
1.00 mmol) in dioxane (3 mL), the respective /^-substituted 
phenol (2.00 mmol) in dioxane (3 mL) was added dropwise. 
After stirring for 15 min at room temperature, water 
(4 mL) was added and the mixture was heated to 40°C for 
30 h. After cooling to room temperature, the solvent was 
removed in vacuo, and the crude product was purified 
by chromatography on a silica column and subjected to 
gradient elution with light petroleum ether and ethyl 
acetate. 

Single crystal X-ray measurements 

Crystal data for compound 8j, C23H30N2O2, were 
collected using an Xcalibur Atlas Gemini ultra diffract- 
ometer using the following parameters: Oxford Diffrac- 
tion at 120 K, Mr = 366.5, triclinic, PI, a = 6.0346(4) A, 
b = 12.4793(8) A, c = 14.2169(10) A, a = 67.847(7)°, |3 = 
85.183(6)°, y = 85.605(5)°, F= 986.93(12) A^ Z=2, Dx = 
1.233 Mg m'^, CuKa X-ray source (radiation), \ = 1.5418 A 
and F(000) = 396 colorless crystals 0.17 x 0.06 x 
0.03 mm. All non-hydrogen atoms were refined with an- 
isotropic thermal parameters using full-matrix least 
squares procedures on to give R = 0.036, wR = 0.086 
for 2546 independently observed reflections and 251 pa- 
rameters. Crystallographic data (excluding structural 
factors) for the given structure in this article have been 
deposited at the Cambridge Crystallographic Data 
Centre (CCDC) as supplementary publication number 
CCDC 929464. Copies of these data can be obtained, 
free of charge, upon request to the CCDC at 12 Union 
Road, Cambridge. CB2 lEZ, UK. Fax: +44-(0)1223- 
336033 or e-mail: deposit@ccdc.cam.ac.uk. Program 
used to refine structure: JANA2006 [34]. 
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